drugs also would be neurodegenerative in comparable experimental settings was based on the putative (but unknown) mechanisms of actions of anesthetics. 3 A large number of studies, reviews, and commentaries have since been published as a result. 4, 5 There are many challenges that need to be overcome when translating animal studies into a human context. 3, 6 If exposure to anesthetic drugs was indeed as harmful in early human life as hypothesized, 4, 5 this effect would most likely have been suspected many years ago. Some observational cohort studies [7] [8] [9] have demonstrated an association between negative long-term neurocognitive outcomes in young children exposed to anesthesia (and surgery), perpetuating any anxiety. Most of these observational investigations are from single centers (prone to selection bias) reporting on small sample sizes with large age ranges (and very few neonates and infants) and a multitude of surgical procedures. Learning disabilities are ill defined and influenced by many underlying circumstances, such as chronic diseases and environmental factors. They are a nonspecific neuropsychological outcome measure and are categorized according to the predicted and actual educational achievement. Extensive and repeated neurodevelopmental testing is sensitive enough to detect smaller, more minor neurocognitive impairments after anesthesia. 11 Studies that use individually administered cognitive tests are more likely to detect a potential phenotype (eg, abnormalities in speech and language). 9 Comprehensive cognitive testing is laborious and expensive. The sample size in most of these studies is small and overestimates the effect size (type I error) or fails to detect a difference (type II error). 10, 12 These concerns are similar to the problem of postoperative cognitive dysfunction in the elderly, with only insufficient tools available to reliably detect its presence. 12 Therefore, it is essential
to ascertain under what circumstances individual cognitive testing represents a meaningful human outcome measure. Academic performance has a relevant and pragmatic advantage over such testing because of parental interest in how their child performs in school and beyond. More important, are cognitive test results really that different from academic performance? Certainly, good school test scores require adequate speech and learning skills. Good academic achievements are complex and require continuous commitment to the education, social and emotional well-being, and stability of the child.
In this issue of JAMA Pediatrics, a Swedish nationwide cohort study 13 examining the birth cohorts from 1973 to 1993 reports academic achievement (school grades at age 16 years) and cognitive performance (IQ for boys at military conscription at age 18 years). Exposed children (n = 33 514) who had undergone a single anesthesia and surgery before age 4 years and no subsequent hospitalization were compared with a control group of unexposed children (n = 159 619) matched on sex, maternal educational level, and year and month of birth. The unique sample size of this study enables precise and robust effect estimates. Glatz et al 13 state that surgical and anesthetic exposure before age 4 years has minimal or no effect on academic achievement or cognitive performance in adolescence. The authors showed that a single exposure or multiple exposures to anesthesia in early childhood are several times (in some cases, 5-10 times) less relevant to academic performance than sex, maternal educational level, or year and month of birth. These results are similar to those of other robust nationwide cohort investigations. 3 They are also consistent with the recently published 2-year interim analysis of the General Anesthesia Spinal (GAS) study, 14 which showed that sevoflurane anesthesia for up to 1 hour in infancy (up to 60 weeks' postmenstrual age) does not increase the risk of adverse neurodevelopmental outcome compared with awake regional anesthesia. These findings are also in line with a recent ambidirectional sibling investigation (the Pediatric Anesthesia Neurodevelopment Assessment [PANDA] study 11 ) demonstrating similar IQ scores in sibling pairs among whom one was exposed and the other was unexposed to general anesthesia for inguinal hernia repair before age 3 years.
There is an important message to be derived from the study by Glatz et al. 13 Neonates, infants, and young children need and require important surgical procedures and interventions to be performed without any delay. The authors highlight the need to rectify common ear, nose, and throat problems early and not delay intervention until age 3 or 4 years, thus minimizing the effect of hearing deficits on the development of speech and language skills. This statement is particularly important given that ear, nose, and throat procedures are the most common surgical procedures performed in young children and that most of the supportive observational studies on this topic include a high proportion of children undergoing such procedures. This study is also reassuring for children, parents, and caregivers and puts the issue of anesthetic-related neurotoxicity and the developing brain into perspective. Glatz et al 13 elegantly demonstrated that many other factors are far more important than anesthetic drug exposure in relation to longterm neurocognitive outcomes. However, this finding does not automatically mean that anesthesia is "safe" in young children as this term refers to the conduct of anesthesia rather than the anesthetic drugs used. 6, 15 Also, these results cannot be extrapolated to longer and more complex surgical procedures, multiple anesthetics, and extremely premature infants. Observational studies are plagued by many confounding factors, and randomized clinical trials are complex and time consuming. It will be difficult to achieve another similarly large sample size within a realistic study period. Ultimately, it seems unlikely that anesthetic drug exposure in young children will be identified as correlating with long-term neurocognitive outcomes. Attention must now be directed to the more important environmental, medical, and individual factors.
